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Biological control (biocontrol) is commonly used in Australia and generally considered to be 
a successful cost effective method to regulate invasive weeds. Post-release research to measure 
an agent’s effectiveness enables weed mangers to fine tune biological programs strategies and alter 
other management options, however there is limited research reporting on this type of rigorous 
assessment.  This study seeks to quantify the efficacy of two biocontrol agents on the invasive weed 
Chrysanthemoides monilifera subsp. rotundata (Bitou Bush). Comostolopsis germana  (Bitou Tip 
Moth) and Mesoclanis polana (Bitou Seed Fly) are two established agents released to control 
C. m. spp. rotundata.  Specifically, I asked: 
1. What is the distribution of C. germana? 
2. What are the current damage levels of C. m. subsp. rotundata tips by C. germana? 
3. Is there a difference in damage levels by C. germana between the fore-dune and the 
hind-dune? 
4. What are the damage levels for C. m. subsp. rotundata seeds by M. polana? 
5. Is there is difference in damage levels by M. polana between the fore-dune and the 
hind-dune? 
6. What impact does C. germana have on the reproductive output of C. m. subsp. 
rotundata? 
Sampling was undertaken at 14 sites along a 900km stretch of the NSW coastline to 
determine damage levels by C. germana. Soil samples were also taken at all 14 sites and the 
seeds from the soil samples were counted and examined for evidence of M. polana 
infestation.  In addition to the sampling observations a manipulative experiment was 
undertaken at Windang Beach using the pesticide exclusion method .   
Both agents were found to be distributed along the entire range of bitou bush. Tip damage by 
C. germana was highly variable but was consistently more effective at the fore dune position. 
C. germana was found to reduce flower production by 15% to 59%. Tip damage by C. 
germana increased from north to south.  The average rate of damage to seeds by M. polana 
was 11%. Dune location did not affect the amount of seed damaged by M. polana and latitude 




output of bitou bush and in conjunction with other control methods, such as aerial spraying, 
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CHAPTER 1:  GENERAL INTRODUCTION  
1.1 Invasive Weeds:  A Global Problem 
 
Invasive plants, as defined by Richardson et al. (2000) are naturalized plants that produce 
reproductive offspring, often in very large numbers, which can move considerable distances from 
parent plants and have the potential to spread over a large area. The consequence of this proliferation 
can be very costly economically and environmentally.  Land managers of agricultural and natural 
environments must make decisions on how to allocate limited resources to control the proliferation of 
weeds within their areas they control. Those decisions need to be well informed and based on 
empirical evidence to facilitate the best outcome.  
Historically, the economic cost of weeds is usually reported from an agricultural industry perspective 
as it is much easier to access and calculate the costs, including labour, chemicals, fuel and loss of 
yield, than it is to calculate in economic measures the loss of biodiversity (Sinden 2004).  Estimates of 
the economic cost of invasive weeds around the world are measured in multi-billion dollar figures.  
For example, Florida spent about $14.5 million a year on controlling one species, Hydrilla verticillata 
while the United States invests 100 million annually on aquatic weed control (Pimentel, Zuniga et al. 
2005).   
Similarly, in Australia there are numerous invasive weeds, with many organisations incurring costs to 
remove and mediate their spread. The economic cost of weeds includes the financial costs of control, 
losses in production, changes in revenue, and changes in welfare (Page 2006).  In 2006–07 the 
Australian Bureau of Statistics estimated the cost of controlling invasive plants in agricultural 
businesses in Victoria totalled $253 million.  
The economic cost of weeds should not only be measured in terms of agricultural losses. The 
environmental costs can be quantified as economic costs; however, it is much more difficult to 
measure as natural areas have intrinsic value that is hard to equate with economic worth. The CRC for 
Weed management (2004) proposed a framework for estimating the total cost of weeds as the 
expenditures on control plus any losses of output.  This equation can be applied equally to agriculture 
and the environment however quantifying the loss of output when addressing the cost of 
environmental invasive weeds is difficult and complex.  Therefore, it is likely that any estimates are 
underestimates (Sinden 2004) as they generally only include the cost of expenditure on control and do 
not include losses from output or other non-economic values. 
It is generally acknowledged that invasive weeds pose one of the greatest threats to biodiversity 
(Adair & Groves 1998; Downey et al 2009; Lodge 1993). Prior to 2000 the impact of weeds on the 




1998). However, since that time we now have a better understanding of the damage inflicted upon 
native ecosystems. Invasive weeds pose significant impacts at the species, community and ecosystem 
level (Vila, Espinar et al. 2011).  Invasive plants reduce local native species richness and diversity 
(Hejda, Pyšek et al. 2009, Powell, Chase et al. 2011, Vila, Espinar et al. 2011).  Invasive plants have 
been found to significantly reduce fitness and growth of local native species changing community 
structure (Vila, Espinar et al. 2011) and often homogenising the invaded habitat (Caldwell et al 2007). 
Ecosystem processes such as nutrient cycling can be impacted by invasive weeds as they frequently 
increase biomass and net primary production and nutrient availability (Ehrenfeld 2003; Lindsay & 
French 2004).   
 
1.2 The Management of Invasive Weeds  
The management of weeds is a combination of processes that results in the prevention, eradication 
and control of weeds in agricultural systems or the environment (Zimdahl 2007).   Weed control is 
primarily achieved by three methods, either separately or, more usually, in combination. Historically, 
weed control was carried out by physical removal and/or chemical application.  Physical removal of 
weeds ranges in scale from using large machinery to uplift and remove weeds to hand pulling.  It is a 
costly process due to the lengthy time required, the cost of machinery and fuel (Zimdahl 2007). 
Chemical control is the spraying of herbicide which can be achieved aerially, from vehicles or using 
backpacks. This method is also expensive and will often require repeat applications as well as the 
challenge in using chemicals among native vegetation (Briese 2004).  The control of weeds using a 
single conventional method is problematic and therefore the best way to manage invasive weeds is 
using a suite of options including physical, chemical and biological (Briese 2004).  The management 
of each species needs to be determined based on its unique characteristics including its biology, 
available resources, extent of the problem and location (Lindenmay and Burgman 2005).   
 
Biocontrol is the use of monophagous herbivores, pathogens and parasites to manage another 
organisms density at numbers lower than if the control organism was not present (McFadyen 1998).  
Classical biocontrol is the use of introduced natural enemies against alien plants and is the method 
most commonly practiced in Australia (Briese 2000).   
 
1.3 The Theory and History of Biocontrol Programs  
The success of using biocontrol agents is predicated upon ecological theories, in particular the enemy 
release theory and predator prey theory (Keane and Crawley 2002).  Introduced invasive weed 
populations experience a release from their enemies in their host habitats resulting in the absence of 




abundance, facilitating its expansion (Nentwig 2007). For example, Hypericum perforatum, a 
European native has 70% of European populations exhibiting signs of insect herbivore damage, while 
in North American only 28% of the invasive populations showed evidence of herbivore damage.  
Additionally, the intensity of the damage was higher in the native European populations (Vila, Maron 
et al. 2004). 
 
The enemy release theory predicts that if a specialist herbivore is introduced, it should be effective in 
limiting plant abundance.  Classical biocontrol is when a specialist natural enemy from the plants 
homeland is introduced, with the aim of the pest becoming established as a permanent control. The 
introduction of a biocontrol agent, such as a predator from the native range should limit its fitness to 
reproduce (Berryman 1992). 
 
Biocontrol programs have been well established in both Australia and South Africa. South Africa has 
over a 100-year history in developing biocontrol techniques (Moran, Hoffmann et al. 2013).  Over the 
last century, South Africa has considered over 270 organisms for biocontrol of which 75 have 
established as biocontrol agents (Moran, Hoffmann et al. 2013).  Similarly, Australia has a long 
history of biocontrol programs since 1908 when the first attempts were made to find agents for prickly 
pear, Opuntia stricta (Palmer et al. 2010).  By 2000, over 60 weeds had been or  were the targets of a 
biocontrol project (Briese 2004). 
 
Biocontrol is commonly used in Australia and generally considered to be a successful cost effective 
method to regulate weed infestations (Briese 2004).   Initial testing and evaluation stages are costly, 
relative to other methods of control, a successful biocontrol agent is very cost effective (Downey et al 
2007) and has the potential to become a self-perpetuating long term weed solution (McFadyen 1998). 
One of the concerns about bio-control agents is the potential for the agent to attack and damage 
populations of non-target native species, exemplified by the introduction of the cane toad (Bufo 
marinus) in 1935 to control beetles that were damaging sugar cane crops (Shine 2010).  As a result of 
a range of early poor biocontrol decisions, there is now an extensive risk assessment procedure which 
includes specificity testing to reduce non-target impacts.  For instance, Cavalheiro et al. (2008) found 
that the introduction of Mesoclanis polana as a biocontrol agent to control invasive C. m. subsp. 
rotundata resulted in losses of up to 11 insect species through apparent competition.  Notwithstanding 
current procedures, ecological systems are extremely complex and understanding the range of impacts 
of a biocontrol agent in an ecosystem is extremely difficult.  Furthermore, understanding the 





While the procedure for the release of biocontrol agents has been well established to reduce risks, 
biocontrol agents are typically not followed in any systematic way once established to determine 
environmental impacts or effectiveness of the agent in controlling populations. Although many 
biocontrol research projects are initiated around the world there is uncertainty regarding their long-
term effect (Ghosheh 2005).  Thus, Australian researchers need to undertake more research to 
understand how well biocontrol agents are functioning or if there are any environmental risks 
associated with these releases.   In order to make well informed decisions and justify continued 
biocontrol agent development, data needs to be available on the effectiveness of existing biocontrol 
programs. Ideally biocontrol programs should be monitored and evaluated over long time periods to 
fully understand the response of the natural system to weed control (Mason et al. 2005).   
 
One of the impediments to this knowledge gap is that, often, the action of a biocontrol agent is slow 
and may take many years to have an effect requiring long-term commitment to research. This 
tractable problem is therefore at odds with the current structure of environmental research funds.    
Therefore, the task of evaluation is usually inadequately practiced (Morin et al. 2009; Briese 2004). In 
2002, of 164 research publications on biocontrol less than 12% of the papers included information 
regarding the impact of the agent at plant level and only 4% assessed the impact at weed population 
(Dhileepan 2002). Of the 60 weeds that have been targets of biocontrol in Australia up to 2000, 
quantitative data on the impact of the biocontrol was available for only 23 weeds at plant level and 12 
weeds at population level (Dhileepan 2002). 
 
Information was compiled on the current 37 terrestrial weeds in Australia for which 116 biocontrol 
agents have been released and established. I used the publication The Biological Control of Weeds in 
Australia (2012) as well as a search of literature.  I found the biocontrol agents range of establishment 
vary from localised and limited to widespread (Table 1).  Of the 116 established control agents, I 
found 18 post release studies which varied considerably in size and scope and rigorous evaluation 
over the full spatial distribution of the weed is indeed rare. Comprehensive studies include Edwards et 
al 2008 where impact on seed production of C. m. subsp. rotundata was monitored at eight sites along 
the New South Wales (NSW) coast from 1996 to 2004. More commonly, however, the papers are 
reporting on results from only one or two sites, and in some cases the plants are not actually in the 
field but have been transferred to nurseries or glasshouses and therefore do not reflect what is actually 
happening in the field. For example, Smyth and Sheppard (2002) studied Longitarsus echii and its 
impact on Echium plantagineum (Paterson’s curse).  The seedlings were grown in glasshouses and 





The greatest majority, over 80% of the established agents, are herbivores, feeding on flowers, 
meristems and stems.  The remaining 20% are made up of seed predators and fungus in approximately 
equal proportions.    The table also highlighted that over 30% of the established agents have been in 
the environment for over 30 years and yet for many of these agents we do don’t have quantitative data 




Table 1: Table of terrestrial weeds of Australia for which biocontrol agents have been introduced and at least one agent has established. 
 














Found in wasteland and 
neglected pastures in coastal 
eastern Australia 
Zygogramma suturalis 





(leaf feeding beetle) 
(1980) 
 

























Established however variable abundance 
across localities and seasons 
Only emerges if spring conditions are not 
to dry. 
No significant impact  
No formal studies but released 
agents are thought to effect a degree 
of control 
 
Palmer B and McFadyen RC 
(2012). Ambrosia artemisiifolia 
(L) – Annual ragweed. In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 













Native of South Africa 
Comostolopsis 





1992 and 1994) 
 








(1998, 2000 & 2009) 
 
Tortrix (Leaf roller 
moth) (2000 to 
current) 
 
























Established over the range of Bitou Bush 
however failed to establish on boneseed. 
 
 




Established at release sites. 
 
 








Limited distribution  
 
 












Average seed destruction rate 58% 
(Edwards et al. 2008) 
 
Adair RJ, Morley T, Morin L 
(2012) Chrysanthemoides 
monilifera (L.) T. Norl. — bitou 
bush and boneseed. In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 































Rubus fruticosus  WONs 
European native 
Weed of forestry, agriculture 
and natural ecosystems 
Phragmidium 
violaceum (leaf rust 
fungus) (reported in 




F Established and damaging   Morin L and Evans KJ (2012). 
Rubus fruticosus (L) aggregate 
— blackberry bush. In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 




Bridal Creeper Asparagus 
asparagoides 
WONs 






















Limited establishment.  Studies 
underway to determine impact (Morin 
2006) 
 
Established at 81.5% of release sites. and 










Reduction of bridal creeper from 
49.9% (Turner 2008) 
Morin L and Scott JK (2012) 
Asparagus asparagoides (L) 
Druce - Bridal Creeper In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 






























No evidence to date of field 
establishment 
 Dhileepan L. (2012) 
Macfadyena unguis cati (l) A H 
Gentry – cats claw creeper In: 
biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 






















Status Post Release Evaluation 
 
Reference 




Perennial weed of pastures in 
QLD and NSW. 


















Established, but high levels of 




Established and known to damage plant 
but not quantified to date 
 McFadyen RC. (2012) 
Ageratina adenophora 
(Spreng.) King & Robinson. In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 




StrDocks Rumex spp. Native of the Nth 
hemisphere 





H Established and damaging   Strickland GR., Fagliani R and 
Scott K. (2012) Rumex spp - 
docks. In: Biological control of 
weeds in Australia 1960 to 
2010, (eds. Julien M, Cruttwell 
McFadyen R, Cullen JM), 510-
516. CSIRO Publishing, 
Collingwood, Australia. 
 













Did not establish 
 
 
Did not establish 
 Yeoh PB, Julien M and Scott JK.  
(2012) Emex australis Steinheil 
- doublegee. In: Biological 
control of weeds in Australia 
1960 to 2010, (eds. Julien M, 
Cruttwell McFadyen R, Cullen 




Gorse Ulex europaeus  WONs 
Common in urban and 
agricultural areas 
Native of Western Europe 




































Average seed damage from 17.7% to 
45.5% across 2 sites. (Davies, Ireson 
et al. 2008) 
 
Ireson JE & Davies JT  (2012) 
Ulex europaeus - gorse. In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 










































Reportedly established but no damage 
assessment to date 
 
 
Established at release site. 
No damage assessment  
 Weiss JE & Sagliocco J (2012) 
Marrubium vulgare L - 
horehound. In: Biological 
control of weeds in Australia 
1960 to 2010, (eds. Julien M, 
Cruttwell McFadyen R, Cullen 




Harrisia Cactus Harrisia 
martinii 
Native of Argentina and 
Paraguay 
Weed of environmental and 
grazing lands 
Alcidion cereicola  






































Did not establish 
  McFadyen R (2012) Harrisia 
(Eriocereus) martinii (Labour.) 
Britton – harrisia cactus. In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 








Native of tropical Americas 
and a weed of the tropics of 




H Established and damaging Seed production reduced by 80% 
(Ablin 1993) 
 McFadyen R (2012) Mimosa 
diplotricha  - C. Wright ex 
Savalle – giant sensitive plant. 
In: Biological control of weeds 
in Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 


















Status Post Release Evaluation 
 
Reference 
Groundsel bush Baccharis 
halimifolia 
Considered to be 
successfully controlled  
Trirhabda bacharidis 
(leaf feeding beetle) 
1969 & 1983) 
 
Rhopalomyia 
californica (gall fly) 
(1969 & 1982) 
 
Hellinsia balanotes 
(stem boring moth) 







Stolas fuscata (Leaf 
feeding beetles) 
 
Aristotelia ivae & 




Megacyllene mellyi  
(Stem boring beetle) 
(1978 & 1983) 
 
Helipodus intricatus  




















































































Damage found across most of weeds 
distribution.(Sims-Chilton et al. 
2009) 
 Palmer B & Sims-Chilton N 
(2012) Baccharis halimifolia – 
L. groundsel bush. In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 














Status Post Release Evaluation 
 
Reference 
Lantana Lantana camara WONs 
Native of tropical America 
Found in coastal regions 
infesting natural, forestry 
and agricultural land 
Octotoma championi 









mining beetle) (1976) 
 
Uroplata girardi (leaf 
mining beetle) (1966) 
 
Calycomyza lantanae 




(leaf mining fly) 2007 
 
Ophiomyia lantanae 




sucking bug) (1995) 
 
Falconia intermedia 





































































Widespread and damaging 
 
 
Widespread and minimal damage 
 
 
Widespread.  Damage not yet assessed. 
 
 
Widespread and damaging 
 
 




Localised establishment and reportedly 
damaging although not quantified 
 
 










 Day M (2012) Lantana camara 
(L.) lantana. In: Biological 
control of weeds in Australia 
1960 to 2010, (eds. Julien M, 
Cruttwell McFadyen R, Cullen 




















(lace bug) (1936) 
 
Hypena laceratalis 
(leaf feeding moth) 
(1965) 
 

















































Widespread and minimal damage 
 
 








Widespread and moderate damage 
 
 






Mediterranean native and 
found in Australian pastures 
except Tasmania 
Longitarsus albineaus 
(flea beetle) (1979) 
 
Uromyces heliotropii   






Initially established after release but did 
not persist after 3 years 
 
Reportedly still found on plant but has 
negligible effect 
 
 Sheppard AW, Morin L & 
Cullen J (2012) Heliptropium 
europaeum L. -  common 
heliotrope In: Biological 
control of weeds in Australia 
1960 to 2010, (eds. Julien M, 
Cruttwell McFadyen R, Cullen 



















Status Post Release Evaluation 
 
Reference 
Mimosa  Mimosa pigra WONs 
Native of American tropics 
Agricultural and 






























































































Seed output reduced by up to 60% 




Seed rain negatively correlated with 
Carmenta mimosa  
 
 




Initially established but did not survive 
beyond wet season. 
 
 
Established and widespread and destroys 
11% of flowers. Weak positive 
relationship with leaf litter. 
 
 




Some recent reports that this agent 
persists  
 
No evidence of establishment. 
 
 
Initial establishment verified but no 
















 Heard TA (2012) Mimosa 
pigra L. — mimosa. In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 















































Widespread but not abundant 
 
 






Madeira Vine Anredera 
cordifolia 
WONs 







H Established and leaf damage observed  /Madeira_Vine_Strategy-
June_2013.pdf from WONS 
site  
Mesquite Prosopis spp. Native of Americas 





(1996) seed feeding 
bruchid beetles)  
 
Prospidopsylla flava 
(sap sucker bug) 
(1998) 
 
























Widely established and very damaging at 

















 Van Klinken RD (2012) 
Prosopis spp — mesquite. In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 




(van Klinken 2003) 
Mistflower Ageratina 
riparia  
Native of Mexico and 
Central America 
Invades wet habitats 
particularly cliff faces and 
riparian areas. 
Procecidochares Alani  
Gall Fly 
(1986) 
H Established, but high levels of 
parasitism.  
 Ageratina riparia (Regel) K. & 
R. - mistflower (2012). In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 











































Establishment variable across northern, 
central and southern regions of the NSW 
tablelands 
 
Established.   Achieved seed reduction at 
45% at one site. 
 
 
Established. Seed production reduced by 











Cullen J & Sheppard AW (2012) 
Carduus nutans L.- nodding 
thistle In: Biological control of 
weeds in Australia 1960 to 
2010, (eds. Julien M, Cruttwell 
McFadyen R, Cullen JM), 118-
128. CSIRO Publishing, 
Collingwood, Australia. 
 




Noogoora burr Xanthium 
occidentale 
In the 1950s considered to be 
one of the worst weeds 
owing to its impact on wool 
industry 
Native of the neotropics 
Euaresta aequalis (fly) 
(1932) 
 
Mecas saturnina (stem 
boring beetle) (1963) 
 
Nupserha vexator 








Puccinia zanthii (rust 
fungus) (unauthorised 





















Established, minimal or no effect 
 
 













Widespread and damaging in majority of 
weeds distribution 
 
  Van Klinken RD & Morin L 
(2012) Xanthium occidentale 
Bertoli. – Noogoora burr. In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 
























































Established and damaging on O. stricta 
 
 




Established and damaging O. aurantiaca 
 
 
Established and damaging O. 
monocantha only a few plants are 
reported  
 
Established and damaging O. stricta 
Considered the most successful 
biocontrol program. 
 (Julien  et al. 2012) 
Hosking JR (2012) Opuntia spp. 
In: Biological control of weeds 
in Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 






Native of Americas 
Damaging natural and 
pastoral lands 
Rhinacloa callicrates 
























Did not establish 
 
 




 Van Klinken RD & Heard T 
(2012) Parkinsonia aculeata L. 
- parkinsonia. In: Biological 
control of weeds in Australia 
1960 to 2010, (eds. Julien M, 
Cruttwell McFadyen R, Cullen 




Parthenium  Parthenium 
hysterophorus 
Native of tropical Americas 
Crop and pasture weed 
Zygogramma 
bicolorata (leaf 
feeding beetle) (1980) 
 
Smicronyx lutulentus 


































Established and damaging 
 
 
Established and widespread but 
populations patchy 
 
(Dhileepan 2003) Dhileepan K & McFadyen RC 
(2012) Parthenium 
hysterophorus L. -  parthenium 
In: Biological control of weeds 
in Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 






















galling weevil) (1995) 
 
Platphalonidia mystica 
(stem boring moth) 
(1992) 
 
Carmenta sp nr 
























































Native of Mediterranean 
Toxic winter annual found 
all over Australia 
Dialactica scalariella 
(moth) 1981 & 1988 
Mogulones larvatus 

































Established after second release in 1988  
 
Established and impacting on plant  
 
 
Established and high damage levels 
recorded.   
 
 




Established in field cages but effect 
minimal 
 
Limited establishment and negligible 
effect on weed 
 
 
Weevil reduced plant survival by 






Reduced seed production in field 
study by up to 75% in conjunction 
with pasture competition (Smyth 
2002) 
Sheppard AW & Smyth M 
(2012). Echium plantagineum 
L. – Paterson’s curse In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 























Status Post Release Evaluation 
 
Reference 
Prickly acacia Acacia nilotica 
subsp. indica 
WONs 
India is thought to be the 
country of origin. 
Infested over 7m ha of 
Mitchell grassland, turning 
the area into woody 
savannah 
Bruchidius Sahlbergi 
(Seed feeding beetle) 
(1982-1985) 
 
Chiasmia assimilis   
(leaf feeding Moth) 











































No indication of establishment 
 
 




Failed to establish 
 
 
No indication of establishment 
 (CRC Weed Management – 
Prickly acacia 2003) 
 
 
Palmer B, Lockett C & 
Dhileepan K (2012). Acacia 
nilotica subsp indica (Benth.) 
Brenan – prickly acacia. In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 






Weed of agricultural land 











flavicornis and L. 




























Localised establishment at one release 
site. No quantitative assessment of 
damage undertaken 
 




 L. flavicornis established and proving 
effective at many Tasmanian release 
sites. Reportedly reducing plant densities 























Ireson JE & McLaren D 
(2012). Jacobaea vulgaris 
Gaertn. – ragwort. In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 














Status Post Release Evaluation 
 
Reference 
Rope pear Cylindropuntia 
imbricata  
Native of Mexico and Sthn 
USA 
Weed of arid and semi-arid 
regions often found around 




H Effective on small or slow growing 
plants. Found to effect other 
Cylindropuntia spp. 
 Holtkamp R  (2012) 
Cylindropuntia imbricata (Haw) 
F.M. Knuth – rope pear. In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 




Rubber Vine Cryptostegia 
grandifolia  
WONs 
Native of Madagascar 
















Well established and having significant 







(Australian Weeds Committee. 








Weed of environmental and 


























Initially established but no surveys 
carried out to verify long term 
establishment 
 
Established at release site 
 Hosking JR, Sheppard AW & 
Sagliocco JL (2012) Cytisus 
scoparius L. Link- -broom, 
Scotch broom or English 
broom. In: Biological control of 
weeds in Australia 1960 to 
2010, (eds. Julien M, Cruttwell 
McFadyen R, Cullen JM), 204-
208. CSIRO Publishing, 
Collingwood, Australia. 
 




Native of the Americas 
























Established and damaging on S. acuta. 








(Lonsdale 1995) Heard TA & Day M (2012) Sida 
acuta Burm f. – spiny head 
sida, Sida rhombifolia L. – 
paddy’s lucerne, Sida cordifolia 
L. – flannel weed. In: Biological 
control of weeds in Australia 
1960 to 2010, (eds. Julien M, 
Cruttwell McFadyen R, Cullen 














Status Post Release Evaluation 
 
Reference 
Skeleton weed Chondrilla 
juncea  
Eurasian origin 
Infested south-eastern wheat 
belt where it dramatically 
reduced yields. 
Puccinia chondrillina  

























The density of the weed dramatically 
reduced after the introductions of the 
agents and the weed is no longer 
considered a weed of serious concern 
 Cullen J (2012) Chondrilla 
juncea L. – skeleton weed. In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 
















(seed galling fly) 
(2000) 
 




briesei (crown weevil) 
(1997) 
Botanophila spinose 
(crown fly) (1999) 
 
Eublemma amoena 





























Failed to establish 
 
 






















Seed production reduced by 56%. 










Seed production reduced by 65%. 
(Swirepik, Turner et al. 2008) 
 Briese DT (2012) Onopordium 
acanthium L. – scotch thistle. 
In: Biological control of weeds 
in Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 














Status Post Release Evaluation 
 
Reference 










(Rust Fungus) (1993) 
F Established  Groves RH & Shepppard AW 
(2012) Carduus pycnocephalus 
L., Carduus tenuiflorus Curt. 
slender thistle. In: Biological 
control of weeds in Australia 
1960 to 2010, (eds. Julien M, 
Cruttwell McFadyen R, Cullen 




Spear Thistle Cirsium vulgare  European and North African 
native 
Environmental and pastoral 
weed 
Rhinocyllus conicus 
(weevil) (1995)  
 
Urophora stylata (gall 
























Seed destruction up to 46% (Smyth 
2002) 
 Sagliocco JL, Kwong RM & 
Morley T (2012) Cirsium 
vulgare (Saui) Tenore – spear 
thistle. In: Biological control of 
weeds in Australia 1960 to 
2010, (eds. Julien M, Cruttwell 
McFadyen R, Cullen JM), 184-
188. CSIRO Publishing, 
Collingwood, Australia. 
 





quadrigemina and C. 







Aphis chloris (aphid) 



































One localised populations in Tuena, 
NSW. 
 
Limited establishment and if in high 
numbers can cause significant damage 
 
 
Established and reported to reduce plant 
vigour 
  Briese DT & Cullen J (2012) 
Hypericum vulgare (Saui) 
Tenore – spear thistle. In: 
Biological control of weeds in 
Australia 1960 to 2010, (eds. 
Julien M, Cruttwell McFadyen 








1.4 Study Species Biology and Background 
Chrysanthemoides monilifera spp. rotundata (L). T. Norl. (Asteraceae: Calenduleae) is a perennial 
woody native of South Africa.  Two subspecies C. m. subsp. monilifera (L) T. Norl. (boneseed) and 
C.m. subsp. rotundata (DC.) T.Norl. (bitou bush) are naturalised in Australia.  Boneseed is most 
abundant in coastal hills and plains with sandy or gravel soil.  Bitou bush has become the dominant 
plant over 400km of NSW coastline (Thomas 2002). 
C. m. subsp. rotundata is believed to have initially reached Australia accidentally via ship’s ballast in 
the early 1900s (Weiss et al 1998).  It is a tolerant to salt spray and water logged soil.   The 
inflorescences of C. m. subsp. rotundata consist of male and female flowers in a compound head.  It 
reaches sexual maturity 2-3 years after germination (DEC TAP 2006; Julien et al 2012) although in 
ideal conditions it can flower after 1 year (K. French unpub data). 
After its introduction, it was then used to stabilise sand dunes after mining along the Australian 
eastern coastline (Downey et al 2007).  By the 1990’s C. m. subsp. rotundata was well established 
along the eastern coast of Australia and its ability to rapidly reproduce and spread was considered a 
major threat to the conservation of Australian native flora (Downey et al 2007).   
Impacts 
C. m. subsp. rotundata has dramatically changed the coastal ecosystem of NSW and in 2002 it 
covered over 80% of coastal NSW (Thomas 2002) thus significantly impacting native flora and fauna.  
Its effect ranged from changing the temperature and composition of the soil to altering the dynamics 
and structure of the system via changes to abundance and diversity of species that would normally 
inhabit the system. It is considered a threat to 158 plant species, 3 plant communities and 26 
ecological communities (Downey, Williams et al. 2009). 
C. m. subsp. rotundata forms a dense monoculture inhibiting the amount of light and consequently 
heat, that reaches the soil.  This effect has been shown to influence the temperature of the soil, 
resulting in changes to decomposition rates and soil composition.     C. m. subsp. rotundata leaves 
decompose faster than those of the common coastal shrubs B. integrifolia, L. laevigatum and A. 
longifolia (Lindsay and French 2004).  Soil composition in C. m. subsp. rotundata infestations, has a 
higher proportion of nitrogen and ammonia altering soil processes (Ens et al 2009; Lindsay & French 
2004). Additionally, evidence suggests that C. m. subsp. rotundata exudes low molecular weight 
volatile compounds into the soil which inhibit native plant seedling growth (Ens, Bremner et al. 2009) 





Seed production of C. m. subsp. rotundata is up to 44 times greater in Australia than in its native 
country of South Africa (Weiss & Milton 1984) and the impacts of invasion can reduce native seed 
availability. Seed banks of invaded fore dune habitats are more depauperate than native sites (French 
et al. 2010). 
The changes in the ground level conditions result in changes to invertebrate assemblage (Lindsay & 
French 2006). As the soil is cooler and moister there is an increase in moisture loving species such as 
millipedes, amphipods, earthworms, pseudoscorpions and isopods.    Concurrently there is reduced 
diversity and abundance of ants, earwigs, centipedes and native cockroaches (French and Zubovic 
1997, Lindsay and French 2004). The evidence suggests that the impact on bird communities as a 
whole is minimal however those birds that feed on plant material are found in limited numbers 
(French and Zubovic 1997). 
 
Management 
C. m. subsp. rotundata invasion has been recognised formally as a serious threat and accordingly it 
has been listed as a Noxious Weed under the NSW Noxious Weed Act; listed as a key threatening 
process in 1999 under the NSW Threatened Species Conservation Act 1995; and declared a Weed of 
National Significance (WoNS).  In accordance with C. m. subsp. rotundata being listed as a key 
threatening process a Threat Abatement Plan was prepared in 2006. The NSW State Government was 
the first to implement a Threat Abatement Plan (TAP) for C. m. subsp. rotundata which potentially is 
helping to recover over 150 plant species and 24 ecological communities (Downey et al 2009).  The 
TAP principle aim is to ameliorate the threats of C. m subsp. rotundata over 5 years (DEC TAP 
2006). 
Historically, herbicides and mechanical methods were used to control the spread of the invasive weed, 
however the high levels of non -target damage and increasing costs provided an incentive for 





Biocontrol Program of C. m. subsp.   rotundata Australia 
Following the approval of C. m. subsp. rotundata to be a target for biocontrol in 1987 (Holtkamp et al 
1999), extensive investigations took place to identify and test likely agents. This process took over ten 
years and was mostly based at Cape Town, South Africa (Julien et al 2012). From 1989 to 2008, ten 
agents were released, however only four of those agents have established. Of the four established 
agents, only two Comostolopsis germana and Mesoclanis polana appear to be widely established 
(Table 2). 
 
Table 2.  Biocontrol Agents Released for the two subspecies of Chrysanthemoides monilifera: ssp. rotundata 
(bitou bush) and monilifera (boneseed). 
 
Biocontrol Agent  Release 
Date 





Bitou Tip Moth 
1989 Bitou Bush Established and reducing seed production by more than 






1993 Bitou Bush Established and present at release sites but numbers are 




Bitou Seed Fly 
1996 Bitou Bush Widely established and seed destruction in the north 
ranging from 58% to 86% and from 6% to 11% in the 
south (Edwards, Holtkamp et al. 1999) 
Tortrix Linnaeus sp. 
(Lepidoptera: 
Tortricide)  
Leaf Roller Moth  




1992 Boneseed Did not establish (Winston 2014) 
Chrysolina scotti 
Daccordi  
Black boneseed leaf 
beetle 
1989 Boneseed Did not establish (Julien  et al. 2012) 
Chrysolina sp. B 
Painted Boneseed 
Leaf Beetle 










1998-2000 Boneseed Did not establish 
Aceria sp. (Acari: 
Eriophyidae) 
Leaf Buckle Mite 
2008 Boneseed Small colonies persisted 12 months 









Figure 1: Bitou Tip Moth (Comostolopsis germana) from Julien et al.(2012) 
 
Comostolopsis germana (Prout) (Lepidoptera: Geometridae) feed in the apices of C. m. subsp. 
rotundata and construct canopies of silk.  Several generations can develop over a favourable season 
(Julien et al 2012). Between 1990 and 1997 C. germana was released in 79 locations and had 
established in 44 (Adair & Edwards 1996).  The exact extent of the distribution of C. germana has not 
been empirically established (Downey et al 2007).  
 
In 1993 Holtkamp reported that larvae numbers in excess of 400 larvae per m2 were recorded at a Port 
Macquarie site and that seed production was significantly reduced (Holtkamp 1993) by C. germana 
however the amount of reduction was not quantified.   In 2002, Holtkamp undertook a small scale 
study at Botany Bay using a chemical exclusion technique.   Forty 2 m x  2 m blocks were  randomly 
assigned either control or sprayed treatment.  He reported that seed production was reduced by more 
than 50% and on a few occasions by more than 80%.  Holtkamp’s (2002) paper represents the only 
empirical data on the establishment and/or success of C. germana and therefore its effectiveness has 







Figure 2: Bitou seed fly Mesoclanis polana from Julien et al. (2012) 
 
Mesoclanis polana  (Diptera: Tephritidae) feed in the capitula of C. monilifera.  Eggs are inserted 
between buds and larvae bore through flowers (Julien et al 2012).  M. polana was released in 1996 
and over two years spread rapidly over a 1200km range of the eastern coastline (Edwards et al 1999).  
In 2002, it was reported that the average attack rate of M. polana was 23%.  This data was the result 
of a small scale experiment conducted at Iluka, Coffs Harbour, Port Macquarie, La Perouse and 
Moruya along the NSW coastline between May 2001 and April 2002 (Stuart et al 2002).   
 
Edwards et al (2008) conducted a study at eight sites along the NSW coastline from Fingal in the 
north to Moruya in the south.  Flower heads were collected over a period of eight years from 1996 to 
2004 to ascertain the impact of M. polana on C. m. subsp. rotundata.  They found that the levels of 
seed damage increased over the eight-year study period.  The highest seed destruction was in May 
2003 at Kingscliff, 86% although the average was 58%. At the two most southern sites, Jervis Bay 
and Moruya, damage averaged 6% in May 2003 and 11% in May 2004. Edwards et al (2008) 
provided evidence that seed destruction by M. polana was steadily increasing since its release in the 
cern NSW sites.  Seed destruction levels decreased in southern sites from 1999, possible due to the 
cooler climate not providing optimal conditions for M. polana. This indicated that M. polana may be 
more effective in reducing the spread of C. m. subsp. rotundata in northern NSW.   
 
The success of a biocontrol program can only be ascertained with a quantitative assessment of the 
impact the agent has on the weed reproduction.  It has been reported that two agents for the control of 
C. m. subsp. rotundata are established, however abundance of an agent does not necessarily mean the 
pest species is controlled (CRC for Australian Weed Management 2008).  A reduction in seed fall of 
greater than 95% may be required to achieve control (Noble & Weiss 1989).  However, lower damage 





1.5 Conclusions and justification for research 
The evaluation of the effectiveness of a biocontrol program should be a critical and well-resourced 
element of the program strategy (Lambert 2009), however due to funding constraints, is often rarely 
practiced (Briese 2004, Morin et al. 2009).    Post-release research to measure an agent’s effectiveness 
enables weed mangers to fine tune biological programs strategies and alter other management options 
(Morin et al. 2009) however there is limited research reporting on this type of rigorous assessment 
(Table 1). In response to the lack of evaluation of biocontrol programs, my research seeks to quantify 
the efficacy of two biocontrol agents on the invasive weed C. m. subsp. rotundata, Bitou Bush. 
My study will investigate differences in activity of M. polana and C. germana across the distribution 
of C. m. subsp. rotundata along the NSW coastline   Specifically, I asked: 
1. What is the distribution of C. germana? 
2. What are the current damage levels of C. m. subsp. rotundata tips by C. germana? 
3. Is there a difference in damage levels by C. germana between the fore-dune and the 
hind-dune? 
4. What are the damage levels for C. m. subsp. rotundata seeds by M. polana? 
5. Is there is difference in damage levels by M. polana between the fore-dune and the 
hind-dune? 




Chapter 2 reports on an observational study where I collected samples of C. m. subsp. rotundata along 
the distribution of its range to determine the level of infestation by the C. germana and how this 
varied in different microhabitats.  Soil seed samples were also collected to assess the damage caused 




Chapter 3 reports on a manipulative experiment conducted at Windang beach, south of Wollongong, 
where I used a pesticide exclusion technique which allowed me to compare the effect  C. germana 
was having on treated and untreated samples.   
Each chapter is written as a ‘stand-alone’ paper. As a result, there is repetition in the introduction and 







CHAPTER 2:     THE FICKLE ACTIVITY OF A FLY AND A MOTH:  HABITAT 
VARIATION OF BIOCONTROL AGENTS INTRODUCED TO CONTROL THE 
INVASIVE WEED CHRYSANTHEMOIDES MONILIFERA SPP. ROTUNDATA 
2.1 Introduction 
Biocontrol programs should be evaluated to determine their effect in reducing weed populations 
(Carson et al. 2008).  Monitoring should be an integral part of the program and given the same level 
of resources as the earlier stages of identifying and assessing agents (Lambert 2009). Without rigorous 
assessment and evaluation, it is difficult to estimate the true success of a biocontrol agent (Clewley et 
al. 2012) however due to funding constraints this critical process is inadequately practiced (Briese 
2004, Morin et al. 2009).  Furthermore, once biocontrol agents have established and stabilised in 
distribution, further monitoring is needed to determine their effectiveness across the distribution of the 
weed. In areas where biocontrol agents are less active, the best management options are likely to 
differ from areas where biocontrol agents are effective.  
For many species, population abundance of biocontrol agents and their impact on target weeds have 
not been measured.   Post-release research to measure an agent’s effectiveness enables weed managers 
to fine-tune biological programs strategies and alter other management options (Morin et al. 2009) 
however historically there has been limited rigorous assessment. In an evaluation of 164 research 
publications on the biocontrol of Australian weeds sampled from 1985-2002 less than 12% of the 
papers included aspects relating to agent prevalence and impact at the individual plant level (Briese 
2004). Only 4% of the papers sampled evaluated the impact of biocontrol at weed population level.  
Encouragingly, over the last decade there has been an increase in the number of publications reporting 
on quantitative assessment of biocontrol programs (Clewley et al. 2012).   
The South African plant C. m. subsp. rotundata is one of 32 weeds that have been categorised as 
Weeds of National Significance (WoNS) by the Australian government, based on an assessment 
process that prioritises the weeds based on their invasiveness, potential for spread and environmental, 




the New South Wales  coastline and was the dominant plant over 400 km, particularly in the northern 
coastal regions (Thomas 2002). 
A biocontrol agent  for the coastal subspecies, C. monilifera subsp. rotundata (bitou bush) was 
approved for release in 1987 (Holtkamp, Edwards et al. 1999). From 1989 to 2001 ten agents were 
released, however only four of the agents have  established (Downey, Holtkamp et al. 2007).  Of the 
four established, only two, the Bitou Seed Fly (Mesoclanis polana) and the Bitou Tip Moth 
(Comostolopsis germana) appear to be widely established.  M. polana was first released in 1996, 
while C. germana was first released in 1989 (Downey, Holtkamp et al. 2007). To date, there has been 
little evaluation of the effectiveness of C. germana other than a small scale study undertaken at 
Botany Bay in 2002 (Holtkamp 2002) and the exact distribution of C. germana has not been 
established (Downey, Holtkamp et al. 2007).   
 
Variation in the activity of biocontrol agents would be expected, particularly where invasive species 
invade areas outside the bioclimatic envelope of their native range. In its native country, South Africa, 
M. polana is found north of 31oS and was considered well suited for northern NSW which shares the 
same latitude. However, in Australia, M. polana has extended further south to approximately 37oS and 
seed destruction rates ranged from 2% to 86% along the east coast (Edwards et al. 2008).  Edwards et 
al (2008) found a reduction in egg laying with increasing latitude; which would be expected as the 
further south the fly extends the further it is from its native climatic range. Thus, in the early years of 
establishment of this agent, there was variation in the effectiveness of this biocontrol agents over the 
distribution of the weed. As biocontrol agents establish, such early preferences may be overcome 
through local adaptation, and agents may become effective over wider climatic areas. 
 
There may also be strong selection at smaller spatial scales with agents showing microclimatic 
preferences, even within areas where the biocontrol agent can be active.  Previous anecdotal evidence 
have suggested differences in the activity of both biocontrol agents with exposure to the ocean.  This 




spatial scale, i.e comparing the activity of the agent in the fore-dune and hind-dune positions. Both 
species have been established as biocontrol agents for over 20 years and it was felt that the 
distribution of the agent would be stable after this period of time. 
 
My study will investigate differences in activity of M. polana and C. germana across the distribution 
of C. m. subsp. rotundata along the NSW coastline   Specifically, I asked: 
1. What is the distribution of C. germana? 
2. What are the current damage levels of C. m. subsp. rotundata tips by C. germana? 
3. Is there a difference in damage levels by C. germana between the fore-dune and the 
hind-dune? 
4. What are the damage levels for C. m. subsp. rotundata seeds by M. polana? 




Sampling was undertaken at 14 sites along a 900km stretch of the NSW coast within the existing C. 
m. subsp. rotundata containment line; north of Sussex Inlet (35.1500o S, 150.5667 o E) and up to and 





Figure 1: Location of 14 beaches that were sampled along the NSW coastline. 
 
Samples were taken from September 2013 to October 2015.  Beaches were sampled if they satisfied 
the following criteria: - 
1 An infestation of C. m. subsp. rotundata with a minimum estimated coverage of 10% 
2 Beaches that had infestations of C. germana only were sampled.  Beaches found to also 
have Tortrix sp. (Leaf Rolling Moth), a recently established agent, were not sampled. 






The dunes were classified according to the  Manual of Coastal Dune Management and Rehabilitation 
Techniques prepared by the NSW Deparment of Land and Water Conservation (Kidd 2001). 
Foredune samples, were taken from primary vegetation zones that were colonised by shrubs and 
ground plants. Hind-dune samples were taken from the tertiary vegetation zone, which  were 




Figure 2: Fore dune and hind dune areas and corresponding vegetation zones (Image adapted 
from A Manual of Coastal Dune Management and Rehabilitation 2001. 
 
Four branches were taken from each of four haphazardly selected bushes from both the fore-dune and 
the hind-dune at each beach.  The bushes were a minimum of 5 m apart.  All tips from the four 
branches were counted and classified (Table 1) according to their level of damage by. C. germana and 
pooled to give a single level of damage for each replicate plant.  All sampled branches had a 
diameter of 10 to 15 mm. An estimate of damage to the sampled bush was determined by calculating 





Table 1:  Table showing levels of classification of observed tip damage 
Classification Description 
None No damage and viable tip.  
Light Slight damage (No more than 20% of tip 
damaged) and probable viable tip 
Moderate Moderate damage (between 20 - 75% of tip 
damaged) and possible viable tip 
Severe Severe damage (more than 75% of tip 
damaged) and probable unviable tip 
 
To evaluate the activity of M. polana, samples of the soil seed bank were also taken.  One sample was 
taken from the fore-dune and one from the hind-dune at all 14 beaches.  A quadrat of  
250 mm x 250 mm x 60 mm deep was placed into the sand so that the quadrat top was level with the 
sand.  The sand within the quadrat was collected and later sieved to retrieve the seeds.  The seeds 
were counted and examined to locate any exit holes of the larvae of the seed fly. (Figure 3).  To 
estimate the number of seeds per square metre to a depth of 60 mm, the number of seeds in each core 
sample were multiplied by eight. 
 






Differences in percentage of tips damage (all damage levels combined) by C. germana between 
habitats and beaches were compared using a two-factor analysis of variance (ANOVA) (JMP Pro 11). 
A two-factor ANOVA was also used to investigate if levels of severe tip damage (moderate and high 
damage levels combined) varied with habitat and beach.  I investigated if tip damage varied with 
latitude using an analysis of covariance (ANCOVA), with latitude and habitat as factors.  In order to 
improve the assumptions of normality and homogenous variances we took the arcsin of the proportion 
of tips damaged and a log(x+1) transformation.   
Differences in seed abundance and in the numbers of seeds damaged by M. polana between habitats 
were compared using one-factor ANOVA.  Tukeys HSD tests were undertaken to determine where 








The overall percentage damage to the tips at the fore dune was greater (29.87 + sd 22.37%) than at the 
hind dune (6.4+ sd 7.25%; F1, 84 = 38.413, p = 0.0001) (Figure 4). The effect of dune positon on the 
amount of damage to tips varied with location (F13, 84 = 1.94, p = 0.0364).  Plants on the fore dune had 
significantly greater damage than those on the hind dune at, South West Rocks North, Red Head and 
Windang (Figure 5). High variability was found between plants and between locations, however, 
average levels of damage to plants on the fore-dune were considerably greater than  that of hind dune 
plants at all but one site (Evans Head)(Table 3). The mean percentage of damage at the fore dune 
position ranged from 1.47% at Evans Head to over 91% at South West Rocks north.  At the hind dune 
position, the damage ranged from 0% at Tyagarah to 25% at Red Head (Table 3). 
 
 





Table 2:  Summary data Table for Tip Damage by C. germana for 14 beach sites along the NSW coastline.  % Damage is a calculation of the proportion of damaged tips 









































 %Density of 
Infestation of 
C. m. subsp. 
rotundata 




% Density of 
Infestation of 
C. m. subsp. 
rotundata 
Tyagarah 28.6 8.928  (17.85) 5.36  (10.71) 80 0.00 0 80 1 
 
4.464 (12.626) 
Tallows 28.64 13.562  (18.191) 7.692  (15.385) 40 5.15  (7.03) 0 40 1 9.357  (13.53) 
Broken Head 28.69 24.22  (12.369) 14.66  (7.69) 80 10.129  (2.888) 1.14  (2.27) 80 1 17.175  (11.219) 
South Ballina 28.87 5.589  (6.833) 0.35  (0.69) 100 1.582  (1.828) 0 95 1.05 3.586  (5.10) 
Evans Head (Airforce 
Beach 
29.102 1.472  (1.738) 0.85  (1.74) 100 1.123  (1.297) 0 90 1.11 1.298  (1.432) 
South West Rocks (North) 30.87 91.056  (13.229) 79.599  (20.776) 90 16.947  (12.011) 4.310  (3.193) 90 1 54.002  (41.304) 
South West Rocks (South) 30.88 27.329  (31.622) 14.545  (18.689) 90 0.735  (1.47) 0 90 1 14.032  (25.13) 
Hat Head 30.93 41.127  (18.878) 29.041  (15.52) 90 1.845  (2.196) 1.845  (2.196) 80 1.13 21.486  (24.407) 
Killick Beach 31.08 27.794  (18.67) 20.431  (14.522) 40 5.544  (4.377) 4.850  (3.991) 70 0.57 16.669  (17.293) 
Fingal Beach 32.74 27.426  (45.77) 19.792  (39.583) 15 5.885  (8.874) 4.288  (5.898) 15 1 16.638  (32.628) 
One Mile Beach 32.77 45.877  (44.739) 25.684  (30.349) 70 23.113  (33.405) 20.139  (33.089) 40 1.75 34.495 (38.524) 
Red Head 33.01 40.984  (35.478) 22.487  (33.776) 25 2.5  (5) 0 35 0.71 21.742  (31.198) 
Tuggerah Beach 33.32 24.285  (6.631) 0.61  (1.22) 90 15.158  (14.857) 2.083  (4.167) 50 1.8 19.722  (11.715) 






Figure 5 : Comparison of fore dune and hind dune overall  tip damage between 14  beaches with 
standard error bars. Sites with significant differences identified with an asterisk ( * ). 
 
The effect of dune positon on the amount of significant damage, i.e. tips with moderate and 
severe damage to tips varied with location (interaction effect: F13, 84 = 3.1337, p = 0.0008).  
Although only statistically significant at those three locations it was consistently greater at 









Latitude significantly influenced the percentage of tip damage experienced by plants 
 (F1, 84 = 6.725, p = 0.01, R2 = 0.26).  Generally, the level of tip damage increased from North 
to South (Figure 5).  For every degree in latitude, or for every 110 kilometres south, the 
amount of tip damage increased by 3%.   
 
Fore dune, as in a previous analysis, had greater levels of tip damage to plants, (F1, 84 = 
27.644, p = 0.0001) although the interaction between habitat and latitude was not significant, 
indicating that the slopes of the relationship for the fore dune and hind dunes were not 
different (F1, 84 = 3.3631, p = 0.06). 
       
       
       









The amount of seed collected at each beach was highly variable (Table 5) although 
significantly higher in hind dune areas (F1, 26 = 6.781, p = 0.015, Figure 7).  An estimate of 
the average number of seeds in the fore-dune soil bank per m2 to a depth of 60mm per m2 
was 160 (+ 225.05se) while the hind dune had 1482 (+ 1886.46). Despite variation in seed 
availability, dune location did not affect the amount of damaged seed (F1, 26 = 2.4021, p = 
0.1333, table 5).   The overall average amount of damaged seed was 11% (+ 0.155).  
Seed damage from M. polana was evident at all beaches with the exception of Tyagarah, 
Broken Head and One Mile.  Latitude did not influence the percentage of seed damage 
 (F1, 26  = 0.279,  p  =  0.6). 
 
       
       
. 
Figure 6 : Average number of seeds (+ se) of C. monilifera found in fore dune and hind 






Table 4:  Comparison of fore dune and hind dune showing total number of seeds and the 
proportion with exit holes.   
 





























Tyagarah 416 26 0 48 3 0 
Tallows 32 2 0.5 0 0 0 
Broken 
Head 
16 1 0 0 0 0 
South 
Ballina 
400 25 0.28 3488 218 0.14 
Evans 
Head 








48 3 0 1072 67 0.06 
Hat Head 752 47 0.04 1184 74 0.31 
Killick 16 1 0 320 20 0.10 
One Mile 0 0 0 64 4 0 
Fingal 0 0 0 4672 292 0.50 
Red Head 224 14 0.07 112 7 0.43 
Tuggerah 16 1 0 512 32 0.16 






2.5 Discussion  
Both C. germana and M. polana were distributed along the entire sampled coastline.  Their 
activity was highly variable between and within beaches, however two clear patterns of 
variation were identified in C. germana; activity increased with latitude and the moth was 
most active along the fore dune. M. polana, on the other hand, showed no preferences for 
particular microhabitat variation. The results suggest that the effectiveness of both biocontrol 
agents is very high in fore-dunes, with significant declines in seed abundance evident, but 
these agents are less influential in controlling seed production in hind dune communities. 
C. germana damaged growing tips in fore dune to a greater degree than hind dune positions 
and this damage was likely to be ‘heavy’ resulting in the tip being less likely to be viable.  
The reduced levels of damage in the hind dune may be a result of habitat preferences of the 
moth or increased levels of predation (Holtkamp 2002) in the protected hind dune, resulting 
in reduced numbers of C. germana and consequently less damage by C. germana.  Further 
work is needed to distinguish these two possibilities. 
One observation highlighted that C. germana may prefer exposed conditions. At a beach on 
the mid north coast, the northern end of South West Rocks, more than 50% of the sampled 
tips were damaged with over 90% damaged at the fore-dune.  A kilometre down the beach 
the damage rate was 14% highlighting the small scale over which significant spatial 
variability occurs.  The sites were measured on consecutive days and had the same density 
classification of C. monilifera coverage (very heavy coverage).  However, the northern 





Figure 7: Sample sites of Back Beach South West Rocks 
Northern populations of C. m. subsp. rotundata appear to be less susceptible to C. germana. 
While the overall rate of tip damage was 17% for whole study, in some locations, 
particularly in the most northern region of the state (e.g. Tallows, Tyagarah and South 
Ballina), tip damage was less than 5% and at one location it was less than 2%.  In those 
locations where C. germana is less effective it is essential that other control methods such as 
aerial spraying and hand weeding are routinely adopted.  Fortunately, Tyagarah is included 
in an aerial spraying program of the Byron Shire and over the period of this study there has 
been a reduction in the amount of C. m. subsp. rotundata at this location.   
There was no preference for fore or hind-dune for M. polana. The average number of seeds 
attacked was highly variable (range 0-50%). My results align with Stuart (2002) who 
reported damage rates from 23% to 31% across five sites. Edwards et al (2009) found seed 
damage ranged from 2% to 86%.  High variability may result from a more variable 





Damage to the tips will reduce a plant’s ability to form flowers and reproduce, and together 
with activities of a predispersal seed predator, is likely to reduce output. Weiss (1984) found 
viable seeds levels at Mollymook on the NSW south coast to be 2,000 to 3000 per m2.  I 
found an average of over 1480 seeds per m2 at hind dune habitat however at the fore-dune 
position the numbers of seed found was much less. At the fore-dune habitat I found an 
average of 160 seeds per m2 which is more than 95% less than seed numbers reported by 
Weiss. Noble and Weiss (1989) suggested that a 95% reduction in seed fall was required 
annually to control the weed.  Realistically, an annual reduction in seed production by 95% 
by a single agent is unlikely (Edwards et al. 2008), however, I did find a significant 
reduction in the amount of seed in the seed soil bank at the fore-dune position compared to 
the hind dune. My results suggest that the performance of the plant is limited by the activity 
of the biocontrol agents. Consequently, this may help mitigate the impact of the target plant, 
either through reduced growth or seed production (Clewley et al. 2012).  
This research has revealed that the biocontrol agents C. germana and M. polana are not 
ubiquitous across their range and that there is considerable spatial variation over large and 
small scales.  As we cannot expect a consistent level of damage by biological agents across 
their range an integrated approach to control should be adopted incorporating various 
methods and concentrating on those areas where the agents are less effective. What is 
evident and consistent within my results, is that fore-dunes have fewer seeds in the soil seed 
bank than the hind dune and I suggest that this result may be a result of the damage inflicted 
by C. germana. The biocontrol agents M. polana and C. germana are having an effect on the 
invasive weed C. monilifera and in conjunction with other methods, will assist in controlling 







CHAPTER 3: CAN THE LEVEL OF DAMAGE INFLICTED BY A 




The evaluation of the effectiveness of a biocontrol program should be a critical and well-
resourced element of the program strategy (Lambert 2009), however, due to funding 
constraints it is often rarely practiced (Briese 2004, Morin et al. 2009).    Post release 
research to measure an agent’s effectiveness enables weed mangers to fine tune biological 
programs strategies and alter other management options (Morin et al. 2009) however 
historically there has been limited research reporting on this type of rigorous assessment. In 
an evaluation of 164 research publications on the biocontrol of Australian weeds sampled 
from 1985-2002 less than 12% of the papers included aspects relating to agent prevalence 
and impact at the individual plant level (Briese 2004). Only 4% of the papers sampled 
evaluated the impact of biocontrol at weed population level. 
Comostolopsis germana, a tip-feeding Geometrid, was the first biocontrol agent to be 
released in 1989 to control C. m. subsp. rotundata (bitou bush).  This South African plant is 
one of 32 weeds that have been categorised as Weeds of National Significance (WoNS) by 
the Australian government based on an assessment process that prioritises the weeds based 
on their invasiveness, potential for spread and environmental, social and economic impacts. 
In 2002, C. m. subsp. rotundata was estimated to occupy over 80% of the NSW coastline 
and was the dominant plant over 400 km, particularly in the northern coastal regions 
(Thomas 2002).  The larvae of C. germana construct loose silk canopies on the leaves of C. 
m. subsp. rotundata and feed on the meristematic tissue of the stem apices (Julien  et al. 
2012). 
One study has evaluated the effectiveness of C. germana in reducing flowering in C. 
m. subsp. rotundata. From July 1998 to June 2000, Holtkamp conducted a study at 




reduced by more than 50% and on a few occasions by more than 80% (Holtkamp 2002).  
This study was conducted about 10 years after the release of the biocontrol agent and it is 
timely to determine whether these levels of control have been maintained through time.  
Furthermore, given the differences in abundance of C. germana on fore and hind dunes 
(Chapter 2), a study of the differences in effectiveness of the agent in these two habitats is 
warranted.  My experiment sought to identify differences of C. germana effect between dune 
habitats, therefore extending the work done by Holtkamp.   
 
This chapter reports on research undertaken using the biocontrol exclusion method in field 
studies at Windang to evaluate the impact of C. germana on the invasive weed C. m. subsp. 
rotundata. Specifically, I asked: 
 
1. What impact does C. germana have on the reproductive output of C. m. subsp. 
rotundata? 










The exclusion experiment was conducted at Windang Beach, (34.51oS, 150.86oE) which has an 
infestation of C. m. subsp. rotundata in both the fore-dune and hind-dune habitats.  The experiment 
was set up in June 2014.  Unfortunately, the area was sprayed during the 2014 winter aerial spraying 
program administered by the Noxious Weeds Authority and the C. m. subsp. rotundata in my sampling 
area were killed. Consequently, I set up again in a location further south. Up to this point I had been 
applying a systemic insecticide Confidor in tablet form to the soil around sample plants every 6 weeks, 
but this method did not appear to be effective in eliminating the moth, so the second experiment used a 
spray application.  This method proved to be much more effective in controlling the moths’ activity. 
 
Thirty-two sample points were identified, 16 at the hind-dune and 16 at the fore-dune.  Half of the 
samples at each habitat were sprayed with Yates Success Ultra pesticide at concentrations of 5 ml per 
100 mls (active ingredient; spinetoram) at approximately 2 weekly intervals over a period of 3 months 
prior to flowering events.  Spraying commenced in December 2014, however, a large storm occurred in 
April 2015 resulting in 2 of the treated plants at the fore dune position being inundated with sand.  
More sample points were reinstated but could not be measured until the next flowering season in 
October/November 2015.   
 
Flowering was assessed in March and April 2015 which was during the autumn flowering season and 
October and November 2015 for the summer flowering season.  As it was difficult to distinguish the 
flowers of one plant from another in the dense monoculture, a 1m2 quadrat was placed over the sample 
plant and a photograph was taken of the quadrat area.  The flowers within the quadrat were counted 
using this photograph allowing a more accurate count as flowers could be marked off as they were 







To identify differences in floral output over time between treatments and habitats we applied a 
multivariate analysis (MANOVA) with repeated measures (JMP Pro 11).  The assumption of sphericity 
was tested with the Mauchly criterion and as it was not met, we used the Greenhouse and Geisser 
estimate of F ratios to control type I errors.  T tests were undertaken for each time period to identify 







C. germana reduced flower production by 15% to 49% over the sampling period.  It was 
most effective at the fore dune position where flower production was reduced by more than 
60% at each time period (Table 1 and Figure 2).  Overall spraying was found to significantly 
increase flower production (F1, 28 = 7.48, p = 0.01). Dune position alone did not influence 
flower production (F1, 28 = 0.0844, p = 0.78) however the effect of treatment on flower 
production varied with dune position (F1, 28 = 10.56, p = 0.003). At the fore dune habitat, the 
treated plants had consistently more flowers than the control plants while at the hind dune 
there was no consistent pattern in the flowering (Table 1, Figures 1 (a, b & c), Figure 2. 
 
Unsurprisingly, time was also a significant factor in flower output (F1.02, 28.43 = 41.69, p < 
0.0001), indicating a change in flowering throughout the experiment. Treatment was found 
to influence flowering but varied with both time and dune position (3-way interaction: F1.02, 
28.43 = 10.77, p = 0.002). T tests were used to investigate where differences in the three-way 
interaction were occurring.  These only found a difference in flowering between control and 
sprayed sites in the initial survey (March 2015). Here the pattern was contrasting with 
sprayed plants having more flowers in the fore dune, but fewer in the hind dune compared to 
the control plants (Figure 1 (a,b & c).  No differences in flowering were found in either 
habitat during October or November although at this time flowering was minimal throughout 
the region (Table 2, Figure 1b, c).  In both sampling periods, flowering tended to be greater 





Table 1: For each time period, the numbers of flowers counted at each 
habitat and for each treatment type with the differences between the 
two treatments shown as a percentage and a ratio 
 









As a ratio 
(Treatment/Control) 
March 2015 Fore-dune 393 157 
60.05 
2.5 
Hind-dune 173 320 
-84.97 
0.5 





Fore-dune 23 7 
69.57 
3.29 
Hind-dune 21 11 
47.62 
1.9 





Fore-dune 35 12 
65.71 
2.9 
Hind-dune 10 11 
-10.00 
.9 




Table 2: F ratios, degrees of freedom for numerator (NUMDF) and denominator 
(DenDF) and probability value from Results of Analysis of variance using 
Greenhouse-Geiser estimate 
 
 F NumDF DenDF P value 
Treatment 7.4773 1 28 0.0107 
Dune position 0.0844 1 28 0.7736 
Dune 
Position*Treatment 




3.7750 3.045 28.43 0.02 
Time 41.6924 1.0153 28.43 0.0001 
Time*Treatment 7.4690 1.0153 28.43 0.0104 
Time*Dune Position 0.2083 1.0153 28.43 0.6553 
Time*Dune 
position*Treatment 








Figure 1 (a): Sum of flowers counted in March 2015 for each treatment type at fore 
dune and hind dune habitats. P values from t tests identifying differences between 




Figure 1(b):  Sum of flowers counted in October 2015 for each treatment type at fore 
dune and hind dune habitats. P values from t tests identifying differences between 
treatment types at fore dune (a) and hind dune (b). 
 
 
(b) p = 0.007


































(a) p = 0.065

































Figure 1(c): Sum of flowers counted in November 2015 for each treatment type at 
fore dune and hind dune habitats. P values from t tests identifying differences 






Figure 2:  Mean number of flowers counted (+ se) at each time period and dune 
habitat comparing control and treated plants.  
(a) p = 0.092









































































C. germana reduced flower production by 15 - 59% over the sampling period.  It was most 
effective at the fore dune position where flower production was reduced by more than 60% 
at each time period (Table 2).  This result aligns with the results of Chapter 2 where I found 
that tip damage was more extensive at the fore dune rather than the hind dune. The reduced 
levels of damage in the hind dune may be a result of habitat preferences of the moth or 
increased levels of predation (Holtkamp 2002) in the protected hind dune, resulting in 
reduced numbers of C. germana and consequently less damage by C. germana.  Further 
work is needed to distinguish these two possibilities.  
My results showed a lesser effect than those reported by Holtkamp in 2002 who found that 
C. germana reduced output from 50% to up to 80%.   Both studies, however, have shown a 
reduction in floral output indicating that the agents appear to be having an effect over time 
and other factors such as rainfall, elevation, temperature, plant density and size may 
influence the level of effect of biocontrol agents (Sims-Chilton et al. 2009). 
High variability in flowering within quadrats was evident at the sites, much of which can be 
attributed to differences of floral output of individual plants.  For reasons not investigated in 
this study, we found that one plant may have over 100 flowers while an immediately 
adjacent plant may only have five, with differences not appearing to be strongly associated 
with abundance of the C. germana.   
C. m. subsp. rotundata has two flowering seasons, with the flowering being more prolific 
during the autumn/winter season (Gosper 2004). The variability in flower production 
between time periods was predicted to influence the activity of C. germana which was less 
effective in the minor flowering period of October/November than it was in the peak 
flowering that occurred in late summer.  This difference in impact may be a 
statistical power issue as in most cases, particularly on the fore dune, sprayed plants 




biocontrol agent is ineffective during the minor flowering season, despite the warmer 
conditions.  Further work is needed to confirm this. 
Comparison with other studies is problematic owing to the limited number of studies and the 
varying methods employed to determine the impact of established biocontrol agents.  What 
is evident internationally, is that programs have variable quantifiable measures of success.  
An example of a successful program is the introduction of the gall-forming rust fungus 
Uromycladium tepperianum on the invasive tree Acacia saligna in South Africa.  The fungus 
U. tepperianum was introduced into South Africa in 1987 and monitored annually from 1991 
to 2005.  Tree density declined between 87% and 98% and the average annual mortality rate 
of infected trees was 18%.  Accordingly, this program is considered to be very successful 
(Wood and Morris 2007).  This result is contrasted by other programs with limited success 
such as the release of the leaf mining fly Calycomyza eupatorivora Spencer (Diptera: 
Agromyzidae) for the biocontrol of the invasive shrub Chromolaena odorata (L.) in South 
Africa where mines were recovered from <5% of leaves sampled (Nzama et al. 2014).  Each 
of those studies have used different methods to assess the efficacy of the control agent 
making it difficult to make useful comparisons. 
 
My research has shown that C. germana is reducing the reproductive output of C. m. subsp. 
rotundata by up to 60% and a useful component of a suite of integrated control methods 
designed to mitigate the invasive weed C. m. subsp. rotundata.  To be considered a 
successful biocontrol, an agent needs to reduce reproductive output by 80% or more (van 
Klinken and Flack 2008). Therefore, complimentary control methods are essential as 
biocontrol methods alone rarely reduce output by the amount required to be considered 
successful as seen in this study. However, biocontrol methods used in conjunction with 
other control methods will result in a more effective level of control.  Aerial spraying 




al. 2012) and coupled with other management techniques, including biocontrol, will 






Chapter 4 : Discussion and Recommendations 
The aim of this Masters research project was to assess the efficacy of two biocontrol agents 
Comostolopsis germana (Bitou Tip Moth) and Mesoclanis polana (Bitou Tip Fly) that have 
been released to control a Weed of National Significance, C. m. subsp. rotundata (Bitou 
Bush).  I found both agents across the range of C. m. subsp. rotundata along the NSW 
coastline from Tyagarah, north of Byron Bay, to Windang in the south. 
I found that both of the agents are limiting the reproductive output of C. m. subsp. rotundata. 
From an observational study, where I collected samples of C. m. subsp. rotundata along 
coastal NSW, I found that C. germana was most damaging to plants in the fore dune habitat 
and it was more likely that the growing tips had significant damage, i.e. damage to a level 
where the tip would be unlikely to survive and/or produce flowers.  This study also revealed 
that damage levels increased from north to south. 
From the observational study I found that, on average, 11% of the seeds were damaged, 
however the results were highly variable across small and larger spatial scales.  Interestingly, 
I found that the average number of seeds per m2 at the fore dune position was 160 which is 
95% less than that reported by Weiss (1983) suggesting that the biocontrol agents are, over 
time reducing the numbers of C. m. subsp. rotundata seed in the soil seed bank.   
A manipulative study using the pesticide exclusion method, conducted at Windang Beach, 
south of Wollongong, found C. germana reduced flower production by 15% to 49% over the 
sampling period.  Again, as in the observational study, I found the agent to be more effective 
at the fore dune location, where flower production was reduced by more than sixty percent. 
 
In 2006 it was estimated that C. m. subsp. rotundata occupied over 80% of the NSW 
coastline and therefore was recognised as a serious threat and listed as a Noxious Weed 
under the NSW Noxious Weed Act; a key threatening process in 1999 under the NSW 
Threatened Species Conservation Act 1995; and declared a Weed of National Significance 




Fortunately, great advances have been made in the last decade to reduce the abundance of C. 
m. subsp. rotundata along the NSW coastline.  Much of the success can be attributed the 
NSW NPWS TAP which has had a significant effect on activities resulting in limiting the 
weed’s abundance. After 5 years of implementing the TAP C. monilifera is considered under 
control at all 107 survey sites. For example, at Byron Bay State Conservation area, C. m. 
subsp. rotundata coverage has been reduced from 80% to 1% (Hamilton & Turner 2011).  
Much of the reduction has been achieved by aerial spraying, however, other control methods 
such as biocontrol are effective in reducing the plants reproductive output and consequently 
mitigating the plants invasive potential.  
Notwithstanding the limitations of using biocontrol, in conjunction with other methods, it is 
a useful tool in the suite of options for land managers.  Although we are currently witnessing 
the reduction of C. m. subsp. rotundata along our coast line it is imperative that follow up 
spraying is carried out. It has been shown that C. m. subsp. rotundata out competes native 
species at the seedling phase (Mason et al. 2012) therefore it is imperative that follow-up 
hand pulling/spraying and revegetation of natives will be required to effect long term control 
of C. m. subsp. rotundata.  I have witnessed the emergence of C. m. subsp. rotundata 
seedlings after spraying at a number of sites along the NSW coastline.  My research suggests 
that we should target the hand pulling /spraying and regeneration at the hind dune locations, 
where the biocontrol agents are less effective. 
 Additionally, my research also suggests, that C. germana may be an effective way of 
controlling the weed in small localised populations such as steep coastal cliffs that are very 
exposed and difficult to access.  I found C. germana to more effective in more exposed 
locations, such as the fore dune.  This may be due to the moth preferring the fore dune 
position or that predators are more abundant in the hind dune.  More work needs to be 
undertaken to investigate these possibilities.  Potentially the moth may be able to mitigate the 




My research also highlighted the variability of the effectiveness of the biocontrol agents 
spatially and temporally. Variability in the effectiveness of biocontrol agents has been 
recorded by several evaluation studies (Edwards et al. 2008) (Sims-Chilton, Zalucki et al. 
2009). The climatic niche occupied by C.m. subsp. rotundata extends beyond that of its 
native south African populations (Beaumont et al. 2014) and in its native country, South 
Africa, M. polana is found north of 31oS, however in Australia, M. polana has extended 
further south to approximately 37oS.  It is likely that there will be variability in the 
effectiveness of any biocontrol agent across the range of the weed distribution, which may in 
part be due to the climatic envelope of the agents being inconsistent with the climatic 
envelope of the weed and the climatic niche it may have occupied in its native land.  
In order to improve the scientific basis of biocontrol it is essential that we understand what 
effect the agents have had on target plants.  In Australia, we currently have over 116 species 
of biocontrol agents established for the control of 37 terrestrial weed species. I found less 
than 20 post release studies and of those studies, many lack rigorous evaluation over the 
distribution of the weed. The majority of post release studies are done at fine spatial scales 
which limits our understanding of the effects of the biocontrol agents over the broader 
ecological context. This study was undertaken over a large special scale, that is, the current 
distribution of the target weed and has provided information on the efficacy of two 
biocontrol agents released to control C. m. subsp. Rotundata.  Coupled with  Edwards 
(2009), we now have quantitative data on the effects of established biocontrol agents 
released to control C. m. subsp. rotundata.  In terms of the big picture and the efficacy of 
biocontrol programs generally, we are still facing a lack in empirical quantitative data.   
C. germana and M. polana are reducing the reproductive output of C. m. subsp. rotundata 
and in conjunction with other control methods, such as aerial spraying, will have significant 
effect on reducing the weeds impact.  
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